Abstract
Introduction
Colon cancer is one of the most common causes of cancer-related deaths worldwide. Treatment of patients with an advanced stage of colon cancer is often unsuccessful, thus new possible treatment options are searched for. One of the treatment methods is the use of monoclonal antibodies directed against cancer cells. This kind of treatment was found to be successful in the case of rituximab in B-cell non-Hodgkin's lymphoma and trastuzumab in breast cancer. So far for colorectal cancer treatment such antibodies as cetuximab, bevacizumab and panitumumab has been applied [1] . However, one of the main factors, which limit the efficacy of immunotherapy is the presence of complement inhibitors on cancer cells. This kind of regulation inhibits one of the mechanisms targeted by the immunotherapy, i.e. complement-dependent cytotoxicity on cancer cells, thus influencing the overall response to therapy. These inhibitors are able to inactivate complement cascade, at different steps and facilitate evading complement-mediated immune response.
The complement system consists of about 30 proteins which upon activation acts in a cascade manner. The initial steps start at the cell membrane, where upon antibody connection and activation lead to the formation of enzymatic complexes, called C3 and C5 convertases, what ultimately leads to the formation of the membrane attacks complex (MAC). This structure forms many pores on the cell surface what ends with the cell destruction [2] . The most important membrane-bound complement regulators are CD46, CD55 and CD59. The first two regulators act during initial steps of complement activation, whereas the latter one acts on the last step and blocks the MAC formation. CD46 possesses cofactor activity for serum factor I and inactivation of complement components C3b and C4b. It was initially identified as a protein binding C3b and C4b on the surface of peripheral blood cells [3, 4] . CD55 is a glycoprotein associated with the cell surface via glycophosphatidylinositol (GPI). CD55 can be found on virtually all cells which come into contact with components of the complement system, including peripheral blood cells, epithelial and endothelial cells [5] [6] [7] [8] [9] . This inhibitor accelerates the degradation of C3 and C5 convertases, both in the classical and alternative complement activation pathways. CD59, like CD55, is a protein attached to the cell membrane via GPI. This protein is widely distributed on the surface of cell membranes [10] . By binding the CD59 molecule to the C5b-8, the C9 subunit cannot be properly folded [11, 12] . This prevents the exposure of the C9 fragment responsible for attachment of additional components C9, what prevents the creation of a complete membrane attack complex and pore formation.
The complement inhibitors, as was reported in literature data, are usually overexpressed on cancer cells. In current work we show the presence of three main complement inhibitors CD46, CD55 and CD59 in the primary and metastatic cancer cell lines derived from the same patient. In our study we attempted to determine whether the expression pattern of complement inhibitors changes as cancer progression follows and metastasis occurs.
Cell lines and cell culture
Colon carcinoma cell line SW480 was obtained from the American Type Culture Collection, and SW620 was from the Hirszfeld Institute, Polish Academy of Sciences. Both cell lines were previously classified on the morphological and cytogenetic level [13] . Cells were grown in RPMI 1640 medium (GIBCO, USA) supplemented with 10% fetal bovine serum (Invitrogen, USA) and 1% antibiotic-antimycotic (GIBCO), and maintained in a humidified atmosphere with 5% CO 2 at 37°C. For fluorescence analyses, cells were grown in cell culture 'Chamberslides' (Nunc, Germany).
Immunofluorescence studies
For CD55, CD46 and CD59 detection, MCA1614, MCA2113 and MCA1024 mouse monoclonal antibodies (Serotec, United Kingdom) were used. For indirect immunofluorescence analyses, donkey anti-mouse Alexa488 and, donkey anti-mouse Alexa555 secondary antibodies as well as Streptavidin-Alexa488 (all from Molecular Probes, USA) were employed. In some experiments cancer cells were marked with phalloidin-TRITC (Sigma-Aldrich, USA) as a counterstain. Lastly, the specimens were mounted with Vectashield with DAPI (Vector Laboratories, USA) and analyzed under the Leica DMI6000 Fluorescence Microscope. For confocal imaging, Leica TC SP2 Confocal Microscope (Leica Microsystems, Germany), with Ar (488 nm), GeNe (543 nm) laser lines for the excitation of Alexa 488 and Alexa 555, respectively, was used. To avoid cross-talk between the fluorophores, we carefully adjusted the spectral ranges of detectors and scanned images sequentially.
Results
CD46 immunofluorescence analysis showed that this molecule has mainly a membranous localization of high intensity. Additionally, there was also homogeneous cytoplasmic staining seen, but to a much lesser degree. This type of labeling was present in both SW480 and SW620 cell populations. However, in SW480 cells quite a large variation in the intensity of CD46 immunoreactivity was observed, most of the cell population showed a moderate reaction, a smaller percentage of cells displayed strong CD46 immunoreactivity. In the SW620 cell line, the level of intensity of the reaction was rather uniform, in most cells CD46 immunoreactivity showed strong labeling (Fig. 1) .
CD55 immunoreactivity was located mainly in the cytoplasm in the form of granules, sometimes more concentrated at the cell membrane. Most of cells, both SW480 and SW620 had CD55 expression, but the reaction showed a very weak intensity (Fig. 2) . No differences were noted in the type and distribution of reactions within cells of both cell lines.
The anti-CD59 antibody in both cell lines showed a similar pattern of reaction (Fig. 3) . Common was immunoreactivity in a form of large granules seen both in the cytoplasm and cell membrane. The immunofluorescence intensity in primary colon cancer cells was comparable to the intensity in cells derived from metastasis. Additionally, in the SW480 cell line, immunoreactivity was observed in the cell protrusions. In the metastatic cell line often membranous pattern of reaction dominated. In the SW480 cell line, however, both the membranous and cytoplasmic reaction were expressed equally. The control immunoreaction, where antibodies were replaced with the equivalent amount of immunoglobulins showed no immunoreactivity (Fig. 4) .
To summarize, the immunofluorescence studies of three regulators examined, the immunoreactivity level of these proteins was in general similar in both cancer cell lines. However the diverse, heterogeneous staining among the SW480 primary cell line, was rarely detected in the metastatic SW620 cell line, where uniform staining of cancer cells was more common.
The expression of membranous complement inhibitors CD46, CD55 and CD59 in the primary and metastatic colon cancer cell lines
derived from the same patient 
Discussion
Studies on cell lines derived from the primary and metastatic foci of colon cancer revealed that the most profoundly expressed among membrane-bound complement inhibitors is CD46 molecule. CD55 and CD59 are expressed less abundantly. The more homogenous staining of inhibitors in the metastatic SW620 cell line suggests the expansion of these cancer cells from the primary foci which possess these regulators on its surface.
Membrane-bound regulators in various cancer types have been extensively described in the literature. Although there is no definite opinion regarding the level of expression of these proteins, the majority of studies have shown that many tumors expresses at least two out of three main membranous inhibitors: CD46, CD55 and CD59. The expression level of these proteins varies depending on the type of tumor, the degree of differentiation, and, in part, on the clinical stage. In some studies, the lack of CD55 and CD59 expression in breast cancer was found to be to some extent compensated by the high CD46 expression [14] . However, most of the literature report the contrary, i.e. an increased CD55 and CD59 expression in tumors like melanoma, osteosarcoma, prostate, ovarian and stomach cancer [15] [16] [17] [18] . Some authors suggest a relationship between CD59 expression and the degree of tumor differentiation. In high and medium-differentiated tumors, CD59 expression was found to be higher when compared with cancers with a low degree of differentiation [19, 20] .
Surprisingly, a large variation in the level of membrane-bound regulator expression occurs between different cases of the same tumor. For example, a large variation in complement regulator expression occurs in breast and kidney cancers [21] . In breast cancer, a low CD55 and CD59 expression level was detected in poorly differentiated carcinomas, what additionally correlated with a worse out- come [22, 23] . On the other hand, an increased CD59 expression in this type of carcinoma was also reported [24] . The use of monoclonal antibodies in cancer therapy has been given a lot of attention in recent years, especially after the clinical success of such drugs as rituximab and trastuzumab [25, 26] . However, for a large fraction of monoclonal antibodies, the effectiveness of immunotherapy is not satisfactory. To increase the efficiency of the therapy and to facilitate removal of tumor cells by specific antibodies and activated complement system, new strategies are sought. Some studies demonstrate an increased cytotoxic effect after blocking the activity of specific complement-regulatory proteins on the surface of cancer cells. In most reported cases, this modification effectively increases the susceptibility of tumor cells to the lytic effect of complement. For example, blocking the function of CD55 in leukemia, melanoma or breast cancer resulted in increased susceptibility of these cells to the complement activation [27, 28] . However, the effect of anti-CD55 antibody was negligible in the case of renal cancer and small in ovarian, and prostate cancer cells [28, 29] . In the latter work, results are quite surprising, since these prostate cancer cells expressed CD55 at a high level, and still, its blocking was not sufficient to sensitize them to the complement attack. Similarly, when CD46 molecule was blocked, it did not significantly increase the percentage of lysis of K562 leukemic and cervical cancer cell lines [30, 31] . The research of CD59 is most conclusive; neutralization of this inhibitor significantly affected neuroblastoma, leukemia, breast cancer, ovarian, kidney, and prostate cancer cell death [27-30, 32, 33] . It seems that the function of particular complement regulators varies between cancer cells of different origin.
CD46, except its membrane-bound form, could be released in a form of vesicles from cancer cells into tumour microenvironment [34] . The vesicles containing this inhibitor can thus act in proximity of tumour, by inhibiting the inflammation process and complement deposition. The high expression of CD46 on colon cancer cells not only influences its survival but additionally can modulate the microenvironment in order to facilitate the migration and metastasis formation. Thus, further studies are needed to evaluate whether the removal or blockade of this specific complement inhibitor on colon cancer cells surface can affect vitally patients' survival in a disease-free state. 
